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mm* 

[#B*ff^O$aB] 

[If ^ l ] -#<o*ij&<7) f *, e> Sr-^fl £ — IS <7>fi?- * j£ o T - 
f@<7)q u b i t £^511" & 2 - q u b i t&lZ&^X, I FMf gWfcfflUfc* 

Be 1 mi^^LTtti^l1-^»T-^«^Mo 

[0 0 0 1] 

[^^o«i-^>^#f^if] 

^3PJ{2, »qub i t (iT-Ztlt^) ±tC^o^v^^-r^i^- 
^o^i^Sit, 2-qub i t ±<D— Jg?ffl5£T? B e l UIJJ;e£fif 9 m 
WEiBIJ^M, 2-qub i ti^o-^^'j^^H^I-^MWE^m^S 

[0 0 0 2] 
[0 0 0 3] 

Wl] 

[0 0 0 4] 
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(^a, B^K?ti^<DfrM<D^-? vast*, ttift^ottiik atffrMfcttffll) -e 

[0 0 0 5] 

#;L&o q u b i t <7)^«$tL^>-^7cH i 1 b e r t &mViEMW.3i&J&Z 1 
I 0 >, I 1 >1 t-f&o lo^qub i t ^^^^^-CiT-^otL^-v^^o 

ft^W&ttl^B e 1 1 W.mX\ 
1912] 

|**> = (l/S/2 ) <|00>±|11», |* r± > - (1/V2 ) (|01>± |10», - • • St(l.l) 
[0 0 0 6] 

[^3] 

{|**> s 

f±. ZL1@<7) q u b i t (DW;2> IH^tuH i 1 b e r t £r*l<7>IEMli:3c^s£j?£ U 
[0 0 0 7] 

Be 1 l»f^fl^*T-y3 >C^^-c^6tJ^^#J^*^1-o itz, 
4-qub i tO|)0^o/:tl, 

I *>= (1/2) [(|00>+|11» I 0 0 >+ ( I 0 1 >+ I 1 0 > 
) I 1 1 >] , • • -5S (1. 2) 

3& ? fflit-e^T, iTfKff-ya > (Bel 1 *J^KJ:& 2 - qubit <7)— 
S«05e) M-qub i t Wa^^ Vgt&Zffl Z ttfoimttb, c o n t r o 

i i ed-Non-h & i h <b tix ^ & o (#o x. mmvfxm 

1 1 

[0 0 0 8] 

Be 1 lVtm^&%~%L=?-<DtiLf&JJ&t LXit, &m&%&m& (BBO (b 
eta-bar ium borate) i 103^^) K^MU'*^* £BB 

#t parametric down — conversion tC X-o Xtt$E.$L 
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[0 0 0 91 

Z.<D^m$> down-conversion <Dl&^ &3b^£*Il#:0lN$ti&Jg 
(2) tt&Zti&tztb, Be 1 1 jtWOMiif^K , 

-c (* a2j -r * sat-su < * * o & * i < ^ & &5?#* & <> 

[0 0 10] 

1 tz, 2 - q u b i t Mir?- Y (control led-NOT Y- h- & £ 
) LTtt, cav i t y-QED£teofc&Ori*tt3££*L"0>&7& s . H 

14,15 £#B3) 

2 - q u b i t 9£<7>— Jg«5eT?** B e 1 1 SHjeO^tf 4> , c o n t r o 
1 1 e d - N O T ^- h ^S«l t $ ti t 0 

[0011] 

iitli, interaction— free measurement (J&1 
a*IFMfc#t) ittofcBe 1 l»4MIt:o^t#x.-5 0 I 
FMtli, El i t z u r t V a i dma nji^tL^OHI^io^i^ 

m«&-e&& 0 r#T-#+5ft£ 5ftv^£ftffl* s « 

[0012] 

C10PaSH?ti"^» E 1 itzurtVaidma ni:±4||^li^J:^ & 
(*#^f 16, 1 7 £#HS) 

II 1 5tf?n4Ma ch-Zehnde r T?£ft — ootf — A* 

^J^-^fCLt, ±HJ I 0>, THfl0^j&£ I 1>£^U - 

ootf-A^"/'j7^-B, B' OSftf^Sr^^J: -) KHMtho 
B I I 0 cosl? I 0>-s in« I 1>, ll sin0lO>+co 
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s 0 I 1 >, • • • 5£ ( 1 . 3) 

B' : I 0 >-> s i nff I 0>+cos« I 1>, I 1 >— c o s d I 0 >- s 
i n 6 I 1 >, • • • (1 . 4) 

[0 0 13] 

o 

(a) D o, D i b<D$im%fi>3tJ-$:$imL%^ : »P a = s i n 2 0 

(b) ^[li^D o W^tffi : il$P b = c o s 4 ^ 

( c ) tfflSD i ^T^^tB ! i$P c = cos2^sin20 
i-f, (a) <DM&, ^}m±it^m\Ltz<DX^ IFM<7)M^i/:Lt^ 
^v^#i.^n^o tfc, (b) t (±f «ft^#|Et ^ L ^ ^^-^ ^ 
(c) go^£\ W^^«t^:^^i:, W«Lt:ti: 

El i tzur^Va i dmanlilO (c) <7)?§fl ^interact 
ion— free measurement^ V&A,fz 0 Z. Z "Cff 0 i n t e r a 
c t ion-f reetfi, if W C tlffli^?- ^ f t L t ^ v>9 fi* f 
$> ^5) o 

[0 0 14] 

I FM«a$f ^^:<7) J: d C;e#>&. 

r = p c / (p a + p c ) • • (i. 5) 
p b ^ (i. 5) tc£i*i&wc7m, (b) 

%Z>frhX~ibZ> 0 d = n / 4 tir& B, B' (±5 0 - 5 0 \£-'A7,-?V y 9 
- K%imtfl/2(D\£-A7.-f*)y?-) .b&fK P a =l/2, P 

b = P c = l/4, r = l/3#l#!b*L& 0 -feC r (i^O^T^x.'bti, 
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C = z/ (1+z) , z = cos2#, O^z^l • • • 5£ (1. 6) 
01 6 J: 19 l/2t*^rtW-5o 
[0 0 1 51 

El i tzurtVaidma n <Djj&r*lt%)m f ** 1 / 2 £j@ 

mm^sn-r^o m^##iis&i o>±jc#*E-r&»£-K, ( a ) 

itzii (c) tcto-r^m^tt^s -e<7)¥i^flumf±N= 1 / (i-p b ) = 

1/ (1-cos^) ■e-^-x.^tL, f — 1/2 £tz&8-* O^SKTtN^oo 
[0 0 16] 

Kwi a t e t a 1. *i, £ 7^1 P b & 0 fctfi£WKjfift < 
* Lfco (## 1 8 «r#Hg) 
[0 0 1 7] 

-A^^'Jy^-B«W (1. 3) &<7) tt-5o ^TfflOjSK 

I 1 >^^.)tf ^AWtl)o ®±Cf W«L^^i^, k#g<7)lf- 

sin k0|O>+cos k 0 I 1 >, k = 0, 1, N, • • • 5$; ( 
1. 7) 

-e#x.f>^ 0 -ri-e^ = 7r/ / 2N<hi-^<h > N^B^ft^oif-A^y 0 '; * 

[0 0 1 8] 

^zTmm^m 1 o>±i*zm%!ii£&jf&-f2 > m&z%z-z>o mi 7<d± 
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[P=cos 2N (i/2N) =1- (1/2) U/2N) 2 +•••] 2 N = [ 
1 - (k 2 /4N) + 0 (l/N 2 ) ] — 1, • • • it (1. 8) 

:tti5o ttz* i fmi: «t i}Mtj#^^mi-^^(iN— ^^mm -er = 

[0 0 1 9 J 
[##St» 1 1 
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ootters, Teleporting an Unknown Quantum State via Dual Classical and Ein 
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linger, Experimental quantum teleportat ion' , Nature 390, 575-579 (1997) 

D. Deutsch and R. Jozsa, Rapid solution of problems by quantum computat 
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D. Simon, On the power of quantum computation', SIAM J. Comput. 26, 147 
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P. W. Shor, Polynomial-time algorithms for prime factorization and disc 
rete logarithms on a quantum computer', SIAM J. Comput. 26, 1484-1509 (1 
997) 

L. K. Grover, Quantum Mechanics Helps in Searching for a Needle in a Ha 
ystack', Phys. Rev. Lett. 79, 325-328 (1997) 
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J. S. Bell, Speakable and unspeakable in quantum mechanics' (Cambridge 
University Press, Cambridge, 1987) 
[^tM8] 

C. H. Bennett, D. P. DiVincenzo, J. A. Smolin, and W. K. Wootters, Mixe 
d-state entanglement and quantum error correction', Phys. Rev. A 54, 382 
4-3851 (1996) 

R. F. Werner, Quantum states with Einstein-Podol sky-Rosen correlations 
admitting a hidden-variable model', Phys. Rev. A 40, 4277-4281 (1989) 

immxmi o] 

S. Popescu, Bell's Inequalities and Density Matrices '. Revealing "Hidde 
n" Nonlocal ity', Phys. Rev. Lett. 74, 2619-2622 (1995) 

mmttm 1 1 ] 

D. Gottesman and I. L. Chuang, Demonstrating the viability of universal 
quantum computation using teleportat ion and single-qubit operations', N 

ature 402, 390-393 (1999) 

immjcm 1 2 ] 

P. G. Kwiat, K. Mattle, H. Weinfurter, A. Zei linger, A. V. Sergienko an 
d Y. Shih, New High- Intensity Source of Polarization-Entangled Photon P 
airs', Phys. Rev. Lett. 75, 4337-4341 (1995) 

immicm. 1 3 ] 

D. Bouwmeester, J.-W. Pan, K. Mattle, M. Eibl, H. Weinfurter and A. Zei 
linger, Experimental quantum teleportat ion' , Nature 390, 575-579 (1997) 

immxm 1 4 ] 

Q. A. Turchette, C. J. Hood, W. Lange, H. Mabuchi, and H. J. Kimble, Me 
asurement of Conditional Phase Shifts for Quantum Logic', Phys. Rev. Let 
t. 75, 4710-4713 (1995) 
UtMffrMU 5] 

C. Monroe, D. M. Meekhof, B. E. King, W. M. Itano, and D. J. Wine land, 
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Demonstration of a Fundamental Quantum Logic Gate', Phys. Rev. Lett. 75, 
4714-4717 (1995) 

iimwjcm 1 6 ] 

A. C. Elitzur and L. Vaidman, Quantum Mechanical Interaction-Free Measu 
rements' , Found, of Phys. 23, 987-997 (1993) 

nmwfxm 1 7 ] 

L. Vaidman, Are Interaction-Free Measurements Interaction Free?', LANL 
preprint archive quant -ph/0006077 (http://xxx.lanl.gov/abs/quant-ph/0006 
077) 

[*#»tii s] 

P. Kwiat, H. Weinfurter, T. Herzog, and A. Zei linger, Interaction-Free 
Measurement', Phys. Rev. Lett. 74, 4763-4766 (1995). 
[0 0 2 0] 

mwtm®: l x 9 1 -t mm 

Be 1 lttit:^^3^4^i:Ltl±, #«^^ H B B K^ 
It^^^^. parametric down — conversion I" 

-^Scfi, down-conversio nWg:5i$«<7)i^ 

fm^mx (2) ^^K^tt^7tA6, Be i i ^#<7)£ra« ? {g:< mm<o 

[0 0 2 1 ] 

£ fc, 2 - q u b i t ml-V- h (c on t r o 1 I ed-NOT^-hif 
) <T)$m.t LTt±> c a v i t y-QED*^o^^<7)^^$tLTv^^\ ^ 
^Wf^*6T«JS-C\ *ffl<b(±tfi5fei:#^'btLTv^ 0 2-qub i t 
— MJJ;e-C&&B e 1 1 ilJ^O^T^, COc o n t r o 1 1 e d-NOT^- 

[0 0 2 2] 

'fc*&tift<Df$ — 6-J(± N interact ion— free measure 
ment (^tfHCffiUffUE £#;b&^iij7E) L£I&S^- h £ffl^T. 
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[0 0 2 3] 

J tz, ^^M<O^ZL <7>@#H±, interaction-free meas 
u r e m e n t OgMncffiUfPffi v*M5e) LtzWiWr- h 

v>t, -*±T-^^-ISil'J^-e^^B e l niJJ^^«^W3/4-e^fi-^»> fi 

wEiu^M £ mm-r &z\tx&& 0 

[0 0 2 4] 

ifc, ^^§^<7)^HcOS6<j{i, interaction-free meas 
u r e m e n t (^W^ffiSlfpffi £#;b& ^ffl5e) ^Tfljffi Lfc§&3**- h £ffi 
v^T, Zl^^O^-* control 1 e d-NOTy- h 

[0 0 2 5] 
[0 0 2 6] 

fi^-i^^tot-ioq u b i t (m^-Vim^) zmMtz 2 - q 

ub i t^K*3V>t\ mWSM^fi^ I FMT^ft^ffl^^CMT-^- h £ 
[0 0 2 7] 

[0 0 2 8] 

IFM (interact ion— f ree measurement) <h(± 
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H^ftlTCo^A, B* s ^»HrtO|BI WSKAoTfe^A^^-B 
[0 0 2 9] 

m 1 7 fcjF£*L£, Kw i a t e t a 1 . O I FM"Cti> 

L^Ciot, T^ft^ftT^&TfcT-^ I 0>, I 1 ><7)~o<7) 

W^tl&Jti^z^tMt^o J^:, Kw i a t et a 1 . O I 

£ fciftmc-r&o 
[0 0 3 0] 

rti:tAt^><0t*^o (&&\ ElitzurtVaidmanOI FMtl 
WWfc*^&M%i><Vfrbm^mM%i><V^U tit, HardyCi 

ot#f $^ITV^ 0 (L. Hardy, 'Quantum Mechanic 
s , Local Realistic Theories, and Loren 
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t z — Invariant Realistic Theories', Phy 
s. Rev. Lett. 68, 2981-2984 (1992).)) 
[0 0 3 1 J 

&±<D%z.frb, Kw i a t e t a 1 . (O I FM z F#ftJi> -Iwi^y 
-btLTSifmit^^iiio Ell 7 <D=?-m\*m 2 Offi-^-C 

it-tWo x, x' (if»moT*t, m-cfr<«K«r^-ri:i-* 

o a, b, a' , b' fi^i^T^ftrt K Aftl" &ij£E&£^ LT v>T, a, a' 
liil 7<^)£±> b, b' ti^T, ^T<7)*iif&^^ LT \,*h 0 (a 

Itti^AP ( I 0 » , a' l±£i±<F>ftn ( I 0 » , b(i^Tc7)An (I 1 
» , b' lifcTOtbP (I 1» ^^i"o ) 
[0 0 3 2] 

:^:t^o (**3, «i\ a*^ «r-e*L-etL, e +, e-^nt* 1 
, mm^m^^-Ax-fvy?-, ^7-tMn-t«s<ot, eh 7 

[0 0 3 3] 

mute. itT-mzAZftfzb 'r , ztt^fr^tzh *o* ti^t^ctict 

El 20 I FM^- h<7)t&^(iI13<7)KM^Ht £a6£>*i& 0 (fcrtfU 
'0' , '1' 0mfe^-t>^r"eA*fL/wJ»^ill30H3Hit^^o-C«l 
[0 0 3 4] 
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A* , Ap 

1^5] 

I Ax | \Ap | - ft 

Sggft/^ r J^T \z & h & < X (2 & <b & -f £ o r ii ? - n >*|5:ff ffi <7)# 

I Ax |« Ar 

[0 0 3 5] 

LHii^ (1. 4) OB' [Zd=-n/A ZiXXLfzi><DX\ *Ii&y^£>A#tL 
1/V2 

Ofite^^TZloo^j&^Slffi I F M^— h <7)Rjfp{iHl 1 7, EI 2 , 

H 3 tl^ Ltz t&t) tir&o 
[0 0 3 6] 

mAx^iLhmi-m^mi^^htzib^z^ >k<nmtik*mx-$-z>o Wx 

iCilWSt^ti?: I 1> X > MEL$:v*flUBl£ I 0> x tmiTo (tz 
tzL, ftM^ i , je 10, l! tzMLX. it^cM^x< » I J >X= i j 

si-r^t-r^o cctiAL^js 1 1 o> x , i 1 > x i hi 5, h 
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I 7 -e<Di£-A*7 0, J y 9-<D±m, TM<om&Z0:-f II 0>, I 1 >} fcli 
ttii:LT, ^yCilf, ^ b A#tf^o HUtN ftlBU±;£j&**> 

I 0> x I 1 > y I 0> a I 1 > b 
H: -><l/^/2) (|0* |l>, + |Q$ |1> 4 

iray- h : -+(1/-J2 ) (|0^ |1} |(£ H^ + IP IJ> IJ> |0> a )- • -55(2.1) 
[0 0 3 7] 

|0> + = |1>, , |T> + = |1£ |0) , ■ • -?U2.2) 

|0>_ = |0> a |1>, , \ ll = 11^ |0>, , • • - SU2.3) 

[0 0 3 8] 

fcrtfU fiitcOa, ^ e | + , -K io J:^\ i, je|o, 1 1 i:ov>t, 
W10] 

^ilTv^o tit^ S (2. 1) -C^£*l&^#M±., 
[*U l ] 

10 > + | 0 >. ^|4>* > = (1/V2 ) (|0> |0 > + |T + > |T_> ),• • -ft-(2.4) 

tt^ftx.-6itA s fflJ|55o £*U±p roduct stateHBel 1ft 
m*fti?zZ.t\z1®mirZ>o ^ (2. 2) , 5£ (2. 3) <?)J:9t:, Zl^<r>igj& 
?:foTq u b i t (D^M^r y h • ^ h )V 

(|0>, |T» 
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^rflf^cl - -?)^^^ dual — rail representation hO^(f 
tl"0*/g> 0 (I. L. Chuang and Y. Yamamoto, 'Sim 
pie quantum computer' , Phys. Rev. A 52, 
3489-3496 (199 5) . ) 
[0 0 3 9] 

w?)qub i t^^^rftTti, n*o€&tto^*»c>*»— ^U^^ftt^jW 

£ hT^iE^T^&o f LT, 01 5 OB, B' Zl^O^SS 

in 1 3 ] 

{|0>, |T» 

•C^R^tL^Zl^xH i 1 b e r t SBlOfttOi-^ V gE8W*^Sfif-e§ &o ^ 
(2. 1) , 5£ (2. 4) -eti, I I +>j&*£jfi$;rLfcj&*, £*LK, £t>K#q 
ub i t Zm$L'f2>&$&<Ds<Tl l znLX¥-AX7°>) y ^-£#A1~&- tX\ 

1 <f> + >, 
1^14] 

| X F ± > 

[0 0 4 0] 

Mi&iijg-oT^&v^ ^ (2. 1) , 5£ (2. 4) (OBel 1 *fc 

j!*£j&fi interact ion-free ^jiStfi^o i fc> I FMf- 
h<7)IEL<fM / Pi-^>«g^{iN^oo(7)SI^T"eP— 1 &<7)t\ ^ (2. 1) , 5£ ( 

2 . 4 ) $ tL^>^ | ^ ><D&mB. (fidelity) F=|<<D+| 
<f> > | 2 (iN-«)tIj5Wi: 1 ^i£ft<o 

[0 0 4 1 ] 
|Wpfil<Wj£T% GHZ^i 
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[^15] 

xiooo >+|TTT » 

[^16] 

|0> + |0>. |0> + 

->(1/V2 ) (|0 * |0> + |1> |Tj> |T + > ), • • • ^(2.5) 

[0 0 4 2] 

o 

[0 0 4 3] 

IMiK m^OftfrOK. #iSE#*OIE?L fSflf^fot, 04, 
[0 0 4 4] 

o 

[0 0 4 5] 

*T- ffimj-OZ 7 < „ ^£ q u b i t LTB e 

Ltffflf&i^#x.l>o -eo31S(±, £*L<bz:oo3[t : F-j&*c a v i t 
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[0 0 4 61 

me i l z7f^ti^~miim.^^^x.i>c, m^te&j&vtmg o, m-s^* 

388 e 1 , e 2 <£>Hi3S&&J#*^ e 1 hgO^^-M 
ft © l 

1^18] 

ft W 2 

^19] 

ft&>l, ft&>2, ft (&>2-<<>l) 

(i+^^v^^;i/^-r^PB^#ot1-^ 0 itz, gOtel, g 0 t e 2 <Dffl 
[^2 0] 

el-»gO+ft£t) 1 

[^2 1] 

e2-»g0+fttt>2 

2] 

t1»t2£MT£, 

[0 0 4 7] 

1 3^f>*>"f^Hi**t^:m*i (I/— 9-*- ^ w = w 1 -^w, 0 
<|A«,|< W 1) SrE^K.BB.#H-*fc, ««38P.gOi:#-jae«]Ke 1 <7>W 
•CR a b i ia^gifo (R . Loudon, 'The Quantum 
Theory of Light', second edition, ( 
Oxford University Press, Oxford, 198 
3) . ) 
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[0 0 4 8] 

*fcj&e l iz&zmT-mt^cv 2 &v> 0 >r<7)>r t*m 

mm i t^iiM^jx^ t m.fc-tz>o 

[0 0 4 9] 

[17 <DM:?-m$&Z^z-Z>o 7&$&xizmam\ g 0>Uab&JKd\ *Mb, die 

Iel>=l0> x , Ig0>=|l> x . ' • (3. 1) 
b iSl^:t:h(:i *K a d a ma r d ^?&H#^|i!£ ti"CV^ <t 

1^2 3] 

H: |0>. - (W2 Xl0>. ♦ ll>. X U>. (1^/2 Xl0>. - ll>. X ■ • ' 5^(3.2) 
[0 0 5 0] 
[0 0 5 1 ] 

I 0> x I 0> a I 1 > b I 0> c I 1 > d 
4] 

H: -* (1/ a/2 ) (10^ + 11^ ) 10^ ll>, lO^ 11^ 

[0 0 5 2] 

-S§(7)i FMy- b : 

W2 5] 

- (1/^/2 )(io>, ii^ \o>»* 115 105 ii>* I) \o>< \y> 
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-» (IK/2) (|0> x 115k |0>» |l> f 10? + |1?> IQf |1>* |0>, ll> ) 

=(i/V2)(io>* iT§ it* + 115 i<L> ia> > 

h :-aa)[(li»r +105* r )i!> li> + (los> -|J»> >$> iP> D 

= (1£)[I0>* (I I *iT> IU> ) 
-ll>*(|0>„ -|T> |T> )].• • • ?t(3.3) 

[0 0 5 4] 

7] 

frT, ftft JR^ £ { 1 0 1 1 > x } = { | g0 >, I el > )ll T* Ift^jJ UT. *> U 
[ft 2 8] 

l* + > = (l IT > w |0 > w + |T > W |T >„> 

£-*M& £ *l, I 1 > x = I g 0 >^HiU $ titzWi&l* 
[ft 2 9] 

I*" > = (1/- N /2)(|0 >J0 > w - IT > ro Il>J 
[0 0 5 51 

C a v i t y - Q E D^ft^f o t3f CMS ( e n t a n g 1 e m 
ent) ^^^-^^.^^><o^^$tL-Cv^ (±1L/:»M14, 
1 5#M) o ^M^O^iti. itLC,.i:tiJKaW^#*o-Cv^ 0 
[0 0 5 6] 

.1 £ "C (£ ^ interaction— free measurement Cfc 
*B e 1 1 ^<t^\ control 1 e d-NOTt*- h Of#J& £ H^t" 

I FMY- V ^fotit^-I^^^^ 2 - q u b i tViB 
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<D£tifr~^<DWm*AM1rZ>o ZfitX\ I FMV- Y<7)%ma ^f£T-£AM 

^o»$tv/cKSflt^^[H9 tc^-to (fcrtfU - dTiitf- A^y; ? - 
0«^*1MA (N— oo) (7)^|Jg^^oTV^ tf^o ) j&KxKR&m^ S 

e + e-^y) o [H9 (7)KaflS^^lffl^f &<7)fS-^y f±-^>- ^ ^^LTV^ 0 S 

[0 0 5 7] 

HI 8 2 - q u b i t 

W3 2] 

{I o> + I o>. , I o> + |T> , ii> io> , iT + > |T_> } 

^AtiL^^omaffia^E! i 0^^i- o (fccu (2. 2), ( 

2. 3) 60 
1*1-3 3] 
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tcaSc1-* 0 H 1 o-eti. 
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l¥*> = (1/V2) (10^ ll> ±|T> 10 > ) 

= (Xt-j2)(\0> x \l>y II* |0?»±|1? |Qf> 11^) 

IFM>f- ->(1/V2) (|0:> 1 1^ ± ll£> |<$> ) iq> 11^ 
b'OSSS'l ) (|o^. Ilj ±|l^ |0j? ) |<£> 

^l/V^JdO^ + |T> ) | 0 £ • • ?S(4.l) 

[0 0 6 01 

£ c tT-A7.7 0, J y *-Hf±. (1. 4) OB' K 0 =- */4 fcftALfcfc 

^4 1] 

{I o>, iT>) 

W4 2] 

H: I 0> -» (1/J2)(|0">+ |T>), |T> -» (1/^/2 )(|0 > - IT >), • • -25(4.2) 

W4 3] 

| , F ± > 

[0 0 6 l ] 
W44] 

IT + >-^lO> + io> a , i^ _ >^T ?• iq? . • • • ?5(4.3) 
[0 0 6 2] 

5] 

{|0> + , |T> + } 
W4 6] 
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[H4 7] 

l**> 

±(DmT-m^mmt^i^ t^^xttoo -e - t% b' -c i o> b ^wj $ ^ 

[0 0 6 4] 

^t^^<b, i^+>, i v->imm i -eftsijTO> 1 <*> + >, i -4>-xi 

[?H8] 

I^*>} 

[0 0 6 5] 
[*M 9] 

\f><8> l<J> + > 

= (1S)[ i**^ |^>+ fr' =«8> a 2 

+ | y*><S> a x I ^> - i | o f |^>].- ■ • ?t(4.4) 

[0 0 6 6] 

fc£U I f >1±&M.<D 1 - q u b i t^S^i-^o ±.<D^Xii, MliOB e 

ft^-e 3/4 coss^-e^T-e £ & i £ n & & 0 

[0 0 6 7] 

#i§:<7> 2 - q u b i t 
I 2>=coo I <D + >+ c o 1 l<K~>+cio l^ + >+cii I V~>, 

• • -7$: (4. 5) 

tbSE# 2004-3032835 



mm 2003-098080 



^-v: 23/ 



fztzLc i j ec V i , j e |0, ll , 
[^50] 

£ b e i i mm 

1] 

[H5 2] 

^«Hs^ i -c\ 

[^5 3] 

amm i / 2 -casgy -e § & 0 -e- £ -c\ 
[^54] 

tBe l llJl*W^ii:i:^4o 
[0 0 6 8] 

Bel l IlOitt LT#:<7>#!|£#;L£ 0 x, y, z $4Jg «9 O S U (2 

R k (0) = e x p [-i (0/2) a fc] , ke | x , y, z } , 0^0 <4 
n ■ • • i (4. 6) 

fcrtfU tfk (ke |x, y, zl ) fiPaul i ^JT% 
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W5 5] 
[*t-5 6] 

R k (n!2)=(lt^2 ){l-k? K ), R k bi}=-v K , I=Q °J , k<= fe, y, z\ • • • 5t(4.8) 
7] 

[/^(wS)®/^ (7?S)] [/?, 0d® I] I ^ + >= >. • • • 5t(4.9) 

[0 0 6 9] 
[^5 8] 

[ R* (ti/2) <S> R* (57/2)] t R, (n> ® I]: 

| ip-+> -* - | * >, I V-> -* -i I 

| $+> -|->">,* > -* -i (*+>.- • • 5^(4.10) 

[0 0 7 0] 

m l l KAii "9 o 

[^5 9] 

{|**>, 

[^6 0] 

{!**>},{ I M>*>} 

>ni:-o«ke |1, — , 61 ZWO&L, 0 1 lOkflOiH* I 
S>^JS-to EI 1 1 <OW&\±&X 1 - q u b i t <r>=^=-9 'J»I*^Mt 
, e-A^-7°'J y ^-Hi *)%W c SH£?$>ko ZVik. HI 8 <0 I FM-F- Y <7>i 

y) b e i \mfc**n7<F>X'$>z> 0 
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[0 0 7 1 ] 

Got tesmantChuangli, 4-qubit <D 4> ott^o fzWM, 
\ X >= (1/2) [ ( I 0 0>+ I 11 » I00>+ ( I 0 1 >+ I 1 0> 
) I 1 1 >] , • • (4. 11) 

^ffltLT, -|U<7)Be 1 UH^ (iT-fl/#r->3>) £^t;U£\ c o n t 
ro 1 1 ed-NOTy-h ^hc\t^7^Ltz 0 (±Jfi Lfc^Mf IfcfclR 

1 1 

o 

[0 0 7 2] 

£1\ EI5<7)iT-Illl^-eGH ZtKS^McU 2 co*^- [!]{£& <0±HJ 

£>H*J-£>ijl!& (HTOqub i t) KA2j1"&o Ho<7) qu b i t *rti-? 

tiK, kf — A X "7° 'J f)Hadamar df£&£fEffl 

[0 0 7 3] 

(lU> + 0 > D 5 + ll> |T> ii> ) 

-<W2)[ (I 0> + |0> + |T* \T> ) io + > 

+ '(|0^ \T> + |0> ) |T> ]. ' ' • ^(4.12) 

[0 0 7 4] 

IZg#S<7)q u b i t t LX 

me 2] 

I o>_ 

fcttiJDU Eg#g<7)q ubitCI FM^- h £fi5/B£-££o 
[^6 3] 

(i/^/2)[ (io> + io> + if* il> ) 10^ + (io + > n> + il> 10 > ) ij > 3 
1 o>_ 
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^(W2)[(io> + io> + ii> |T> ) io + > io_> 

+ (lo> + if> + |T* 10 > ) ii> |T_> J. • • • ?t(4.i3) 

[0 0 7 5] 

fp m ■$ %> k o v » r 1- * o 

[0 0 7 6] 

[0 0 7 7] 

I 0>O*^, 
[^6 5] 

\0>~* Jt] |0> + -f? |absorption>, 0o?<l, • • - 5t(5.1) 

fcv>-5SStfcS:$»t4 t^x.XX^ 0 I absorpt ion>liWffS:li 
J|XL£#cST% II 0>, I 1 >l fci63£U ^O5fi^frfk$^rv^i:"t*o ( 
f£ 1 OHifc^om^-lliWT-Jt-Ctt labsorption MdtffrF-y 
Lfc*fl&, 0 2O^jSfeff^^T-mT-RfD-e(± I a b s o r p t i o n>liS 
WtfcS I e 2 >«o/:i^tfi-5 0 ) 
[0 0 7 8] 

^tL«t *)ffi%.<Dtztb^ ttizitmi-z&mz 11 o>, 1 1 >i zmmt-rz 

[0 0 7 9] 
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me 6] 

|0>=Q, l 1>= ^] > ' • • «( 5 2 ) 

& (1. 3) ©e-A^^'J y ^-Bfi, 



[ft 6 7] 

f cos£ sm ^ 
B= ,«=7rSN, • • • ^(5.3} 

V-sin# cos#/ 

[0 0 8 0] 



5$ (5. 1) <7>Mlj&gf±, 
[ft 6 8] 



I 0 lj 



0<r/<l, • • • ^iSA) 



[0 0 8 1] 

I 1 ><h LTAItL/c7tW\ NtfcOtT-A^^V 7 *-£iiiS1& I 1>£L 

P=|<1| (BA) N- 1 B | 1 > I 2, ...^(5.5) 

-C-5-x.f>*i& 0 ^ (5. 3) . (5. 4) „ 5£ (5. 5) ^foTP^rN, 7 

l 3Tii, ±^?)*i: 7 = 0, 0. 0 5, 0. l, 0. 2 (Dmm^O <t>^\z-d^ 
[0 0 8 2] 

^-&i^t:o^Ti^-5 c t t:t-5o (5. 5) -e5Ei££*L&P£N— «>£ 
i/^SHt-ffit^t^ ^OJ8L$t5**&o PONJc«-T*^14*i, (5 
. 3) ^£<bft*fif?!lBO0 = ,r / /2Nfc. a£ (5. 5) <£> (BA) N-l© 
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[0 0 8 3] 

^ho~^, (ba) n- i (Dmmftte. BA<7)&imj&$-z-^<7)mt&% 
i-t^ 2 (n-2) m<vmr~mztiz>o -e--c% ba^pj^^^^^- 

<9 l/N2^)^-^-it|flttL[l (BA) N-l<7)^.^ij^ 

(i (i/n2) xn= l/No^-^-^-eififfi-e^^-hn^^o 

[0 0 8 4] 

me 9] 



B= 



l-(# 2 /2)J 



[^7 0] • 



(ba) = 



i-0 i-l 



+0<£? 3 ), • ■ • ft (5.7) 



[0 0 8 5] 

/f L > k=l, 2, -a*f*£>*L&o (fc£U 
1] 

0 

Z 
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[^7 2] 

<1 lteA) A ' _1 B |1> 

=1 - / 2) + Z J? W + ) 

W3 A-l 

£-1 i-1 

=l-(«2-> (l/N)[(l/2)+- — ; 7= 

1- % W 

r-r j— .V-l , „ ,— iV, 

_ (1/n) j ^ — * — ]+o(i/^ 2 x • • -m n 

[0 0 8 6] 

tztzL, N=2, 3, z_htiZ>o fzfzL, ±<7)5£«^ JoV>T, ^:<7)^ 

1^7 3] 

£x*=x(l-;r v >/(l-x), • ' '^(5.9) 

Xj 

£fcc*=x[l-{N + l}**+Nx jV+1 Ml-x) 2 . • • -5t(5.10) 

[0 0 8 7] 

^ (5. 8) Ji, N^+^^^#^^t<7)^<7), <1 | (BA) N-1 B | 1 > 
600 (1/N) *-y-t^<D&X$:*5-z_X^Z> 0 ^ (5. 8) £j£oTP = 
I < 1 I (BA) N- 1 B I 1 > I 2 £ N , v <DO ( 1 /N) t-f-it^l 
LTiHiL7^fi£. Mto^^/i^7 7^il3C^to (JLt^JiIIK? 

= 0, o. 05, o. i, o. 2 (ommn (Dm^^Mxm frtix^& 0 )^:(5. 

[0 0 8 8] 

5fc (5. 8) J: *)>X<7)Z ttf5ffrZ> 0 tztz- V tLX£<D£o%m(0 
<V 7 <1) ^I^StLti, N^+^-H^:# <^tU£\ <1 I (BA) N 
-lB| 1 >^^tc 1 Hi£tttt£-£:^tb*'i>o totTf 0< 
V 7 <1, 0<V e < 1 ^#x<b*Lt-r& -h5t^£&N o^tLT, 
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ON>Wa-C, [1-<1| (B A) N- 1 B I 1 >] < E #lit4o 
[0 0 8 9] 

>rtL(i, ?-<Dfom^m&Mtffrtf, (5. i) 

$T=sin2 ( ff /2N) (i^f Dh^^ffit itlliT=s i n 2 (* 

/2N) ~0 (1/N2) SS<7)fflJg<7)e--A^7 0 '; y*-£3M*1-&- 

[0 0 9 0] 

Tii. IFM^-b<7)MS (fidelity) 7&**&#x. h ihtz^P (0 
<VP< 1) [:if^(Oi:M^tf-A^/'J «^-WN^ 7 OHI:t Lt 

[0 0 9 1] 

^ (5. 8) k&^x, rjtf&mft'bzKm.x^ +^§^N«at 

[^7 4] 

N,^«l 

[0 0 9 2] 

mi 5] 

N~(.^/2) 3 ti/(i-p)]ll^£ , • • -^(5.12) 
[0 0 9 3] 
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[^7 6] 

N~(^/2) 2 [i/(i P)]il£ , ■ • -25(5.12) 
[0 0 9 4] 

[^7 7] 

logN+Const.~log^-^ , • ' -5^(5.13) 

H>mbtlZ>o fctz Const. = 1 o g [4 ( 1 - P) /«■ 2 ] fc1"&o ^ 
(5. 13) (i, P^U:+M<, o£*K N^-f-^Hc^ v><h § 

^7 7iiil 4t4i^»ti^o S (5. 1 1) , S (5. 13) m 7 

tf, 7 = 1/4 o<h iONIi, 7 = 0 Of^i:^T^t:^f^o 
[0 0 9 5] 

[0 0 9 6] 

til. 

rMK^t^^^^^ta^-i^fiT-^fot-iOq u b i t £ 
ilt^2-qub i t^tC^T. I FM^ft^^ST^- h 
£ # KfflMote^ntfcT-* A^J-rtL(filria^dS^ ltBel 1 
j£ L X m # i" -6 

[0 0 9 7] 

[0 0 9 8] 
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[0 0 9 9] 

#14. 

wmti<&fr*tx&Ai-z>z tKx — s^a, B^Be i ivm^ftzm^ 
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[01 00) 

!f#»5. 
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#16. 
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[0 10 3] 

ft 8. 

[0 10 4] 

-ocofiT-A, B^SAt^, t'-A^/'J y ?-T~ti:tyt> titer. o<DUM 

*w-?%m.4 izum.<Dmmzm : f-mmr- hii^Lt, 2- qU b i t 
icMLt;^)i^iy- h *ftffl$-*T, Beii mmz£2>-mmfcx*$> 
^Be i iiiij^^ft^W3/4T^ft-^-t^#m^i-^»T-^miij^e 

o 

[0 10 5] 

#110. 

-o<7)t£T-A, B£i£A-f&, If-A^T 91 ; y ^--Ctt^O^tL/i-oogPM 

zn^fflL* iztm^mzm^mmr- v lt, 4 - q u b i t ^<7>#t 

ICMLTC <7)i?lir- h £fPffi£-tfrT. Gottesman«hChuan 
g©ftiLt4-qub i t<7)&£#&£fcO;ft^o£^£1iJ&U tt:t<7) 2 
-qub i t^tHUffi04-q u b i t W»iotLA 0 /:tt|dat# 
gfc9KfEttOB e 1 liMS^EIit-tCioT, HUieott^O 2 - q u b i 
t ViBAZ cont ro 1 1 ed-NOT^-f 9/16 THAr - 

[0 10 6] 
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till. 

tiHi:J:WB(OfiK$ 7 ^l*l (0< 7 <1) tfc^BOlf- 
[0 10 7] 

il"f Z> 2 — q u b i t^Cls^T, interaction— free mea 
s u r erne n t (3£*ftJ^*§SfPffl £#;b& vnfj^) (7)i£y££ j£ 0 
£ £ HffiM<7)itv^|£^-^ A^-rtt(«i56tI^5f^ 1 -CB e 1 1 

[BM<^iP-&fft9n 
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interact ion— free measurement tcio X — Tfc-f- 
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I FMy- h £&o£B e 1 1 ilJJ^^^-tiT-SlESllI-e^^o 
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IFMt'-Kto/;Be 1 1 iMje^l-JHMHMS&t::, qub i tlfi£A£lL 
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interaction— free measurement <£>^l££iS Lfc 
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interaction— free measurement O^jfr^ £ ^ L 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: , 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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